Abstract: Utilization of essential oils (EOs) as antimicrobial agents against foodborne disease has gained importance, for their use as natural preservatives. Since potential interactions between EOs and food characteristics may affect their antimicrobial properties, the present work studies the influence of fat, protein, pH, a w and food additives on the antimicrobial effect of oregano and garlic EOs against Salmonella spp. and Listeria monocytogenes. Results showed that protein, pH, a w , presence of beef extract, sodium lactate and nitrates did not influence their antimicrobial effect. In contrast, the presence of pork fat had a negative effect against both EOs associated with their dilution of the lipid content. The addition of food phosphates also exerts a negative effect against EOs probably associated with their emulsification properties as observed with the addition of fat. The results may help the food industry to select more appropriate challenges to guarantee the food safety of foodstuffs.
Introduction
Use of essential oils (EOs) as flavoring agents by the food industry is common. However, their antimicrobial properties against foodborne pathogens have increased their interest as a source of natural preservatives [1, 2] . In dry-cured meat products, utilization of EOs has gained interest in the potential control of pathogens. Considering the strong aromatization of these sausages, resulting from the smoking process and seasonings [3, 4] , EOs as antimicrobial agents could be used since it is expected that the sensory impact of EOs will be mitigated by the global aroma of the product.
The antimicrobial effect of EOs is different in foodstuffs than in in vitro studies [5] . Since factors such as pH, a w , food composition or potential interactions with food additives influence the antimicrobial effect of the EOs [6] , a previous in vitro screening against specific foodborne pathogens tested in specific food-like growth media could be an important approach to highlight potential interactions between EOs and food characteristics. Thus, the present work is aimed at studying the influence of fat and protein levels, different pH and a w and the presence of sodium nitrite, commercial phosphates and sodium lactate on the inhibitory properties of oregano and garlic EOs against Salmonella spp. and L. monocytogenes isolated from meat products. Table 1 . Strains used in the experiment.
Microorganisms
Strain Source 1 Salmonella spp.
MPI-B-S07 Chouriço batter EDS-E-S02
Environment of meat products preparation L. monocytogenes
EDS-B-LM02 Chouriço batter MPI-E-LM01
Environment of meat products preparation 1 Strains isolated from meat products or the environment of its production are from our laboratory collection.
Antimicrobial Effect on Disk Diffusion Assay
The antimicrobial effect of EOs was screened by the disk diffusion assay (DDA) as described by Zaika [10] , but with some modifications. Petri plates prepared with 20 mL of Mueller-Hinton agar (MHA, Biokar. Beauvais, France) were dried, and 100µL of standardized inoculum suspension (ca.8 log CFU/mL) were poured and uniformly spread. Filter paper disks (Whatman No.1, 6-mm diameter, GE Healthcare, Madison, WI, USA) containing 20 µL of each EOs were applied to the surface of the previously seeded agar plates of MHA. The plates were kept at 4 • C for 2 h to allow dispersion and were incubated overnight at the optimum growth temperature of each microorganism under study (as above mentioned) during 18 to 24 h. The antimicrobial activity was visually evaluated as the inhibition zone surrounding the disk, and their diameters, including the disk diameters, were measured in mm. The results representing the net zone of inhibition including the diameter (6 mm) of the paper disk are the mean of 3 determinations for each isolate tested.
Determination of MIC and MBC
The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) were studied for both EOs. The dilutions of the EOs were established based on the inhibitory profile with the DDA. The assay was based on the procedure of the Clinical and Laboratory Standards Institute [11] with 96-well microtiter plates. The MIC was considered the lowest concentration of EOs at which bacteria failed to grow, as detected by the unaided eye, matching with the negative control without inoculation included in the test. The visual evaluation was complemented with the seeding of a 10-µL loop in MHA to confirm the absence of growth. To evaluate the MBC, 10 µL of each well, in which no microbial growth was observed, were spread into MHA plates and incubated for 24 h. The MBC was considered as the lowest concentration determining a reduction in the population of 99.9%.
Preparation of Food Model Media
Influence of Fat, Protein, pH and a w
The effect of different levels of fat and protein, pH and a w on the antimicrobial effect of EOs was performed using a food model media. L. monocytogenes or Salmonella spp. were used as indicator strains. EOs of oregano and garlic were used at 0.05% and 0.005%, respectively. The influence of 2.5%, 5% and 10% of fat was studied by the addition of pork fat, purchased at a local supermarket and previously sterilized by autoclaving before being added to Mueller-Hinton broth supplemented with 1% agar (MHB, Biokar. Beauvais, France). The fat was emulsified with the broth with an Ultra-Turrax (IKA, Staufen, Germany). The influence of protein was tested by the addition of beef extract (Oxoid, Hampshire, UK) at 10%, 15% and 20% to MHB. The influence of pH was tested by the addition of lactic acid (Panreac Applichem, Barcelona, Spain) to MHB to achieve a final pH of 4.5, 5.5 or 6.5 (Crison, Barcelona, Spain) with a penetration probe (Mettler-Toledo, Giesen, Germany). The influence of a w was tested by adjusting the MHB to a final a w of 0.91, 0.94, 0.97 by the addition of NaCl as described by Troller et al. [12] . The a w was measured in a Hygroscope DT apparatus (Rotronic, Zurich, Switzerland) with a WA40 cell maintained at 20±2 • C. All of the levels of fat and protein concentration, pH and a w were selected to simulate the physical and chemical conditions of a traditional dry-cured meat product.
Influence of Food Additives (Sodium Nitrite, Commercial Phosphates and Sodium Lactate)
The influence of food additives on the antimicrobial effect of EOs of oregano and garlic was assessed by the addition of nitrites, phosphates and sodium lactate to MHB as follows: 150 ppm sodium nitrite (Merck, Darmstadt, Germany), 0.5% commercial phosphate (E451 plus E452, BK Giulini, Mannhein, Germany) and 3.3% sodium lactate (Sigma-Aldrich, St. Luis, MO, USA).
Microbial Preparation
Two strains of Salmonella spp. and two of L. monocytogenes, identified by a species-specific PCR technique as indicated above [9] , were used in the experiment. The strains used (Table 1) did not present sensibility differences against the antimicrobial effect of EOs of oregano and garlic as reported elsewhere [8] . Single strain cultures of each pathogen were inoculated, in duplicate, in test tubes with 10 mL of culture medium prepared with the specific modification. The inoculation was made to achieve an initial contamination of about 5.7 log CFU/mL. Inoculated tubes were incubated at 37 • C for Salmonella spp. or 30 • C for L. monocytogenes. Counts were performed after 4, 8, 12, 24 and 36 h of incubation by serial ten-fold dilution prepared from 1 mL of the culture in xylose lysine desoxycholateagar (Oxoid, Hampshire, UK) for Salmonella spp. and Oxford agar (Oxoid, Hampshire, UK) for L. monocytogenes. Tests with food additives were performed only until 24 h of incubation. The experiment was carried out in triplicate, and results are expressed as the log CFU/mL of culture medium.
Statistical Analysis
The influence of fat and protein levels, a w , pH and food additives on the antimicrobial effect of oregano and garlic EOs against each pathogen was carried out by analysis of variance (ANOVA), evaluating the combined effect of the presence of EOs and the level of the composition modification studied, for each incubation time. The Tukey-Kramer test was used to determine the significant differences (p < 0.05) among means. Statistical analysis was done with SPSS 19.0 software (SPSS Inc., Chicago, IL, USA) for Windows 8 (Redmont, Washington, DC, USA), considering p < 0.05 as statistically significant.
Results and Discussion

Chemical Composition and Antimicrobial Properties of EOs
Information about the utilization of EOs to improve both the food safety and shelf-life of foodstuffs is scarce and mainly aimed at fresh foodstuffs [13] [14] [15] , although some reports studied its application in meat products [16, 17] . Since meat products presented specific characteristics as variable protein and fat levels, pH, a w or additives, the influence of these characteristics on the inhibitory effect of EOs should be previously assessed in vitro to address their further potential application in meat products. Although some works studied the influence of food composition on the antimicrobial effect of EOs in specific foodstuffs [5] , the present work is, to the best knowledge of the authors, the first report that studied the influence of food composition and food additives commonly present in meat products.
EOs of garlic and oregano displayed a noticeable inhibitory activity against Salmonella spp. and L. monocytogenes [18, 19] based on their main chemical compounds, thymol and sulfur compounds, respectively [1] (Tables 2 and 3 ). Regarding the MIC and the MBC (Table 3) , results were in accordance with DDA. The large inhibition halos observed for L. monocytogenes for EOs of garlic and oregano were in accordance with the low MIC and MBC values. In contrast, the higher MIC and MBC of garlic essential oil for Salmonella spp. were in accordance with the lower halo size. Regarding the influence of the fat level (Figure 1 ), the inhibitory effect of EOs of garlic and oregano decreased as the fat level increases. Oregano EOs displayed a noticeable inhibitory effect at a 2.5% and 5% fat level after 4 and 8 h. of incubation. However, 12 h later, counts of Salmonella spp. and L. monocytogenes were similar in samples with garlic EOs and control. Oregano EOs showed higher antimicrobial activity than garlic EOs (p < 0.05), although no statistical differences were observed between samples with garlic EOs and control (p > 0.05). A high level of fat exerted a negative effect of the antimicrobial effect of oregano EOs in accordance as reported in the literature [6] . In addition, the antimicrobial effect of oregano essential oil, in the presence of fat, was similar for Salmonella spp. and L. monocytogenes, contrary to what was reported by Solórzano-Santos and Miranda-Novales [20] . The decrease in the inhibitory activity at high fat levels could be explained by its protective effect or by the dilution effect of EOs in the fat, decreasing the contact between EOs and pathogens [21] . Our results are in accordance with Smith-Palmer et al. [19] , who reported a higher inhibition of L. monocytogenes and S. enteritidis in low-fat soft cheese than in high-fat soft cheese. In addition, the increase of the microbial counts along the cheese ripening is also observed in the current study. The negative effect of fat was also reported by Cava et al. [22] , who observed a decrease in the antimicrobial activity of cinnamon and clove EOs against L. monocytogenes in whole milk compared to skimmed milk. Moreover, Singh et al. [23] observed similar results against L. monocytogenes in low-fat hotdog. The high inhibitory effect observed at the lowest fat level could be achievable by the high contact between EOs and foodborne pathogens after 4 h. However, the decrease in the antimicrobial effect along the study suggests a dispersion of the EOs on the lipid content of the food model media. It suggests that the decrease of the inhibitory effect is caused by a dilution effect. In the case of the EOs of garlic, the reduction of its antimicrobial properties could be associated with the degradation of sulfur compounds by the chemical reactions of lipid oxidation, as suggested by Druum et al. [24] . Miranda-Novales [20] . The decrease in the inhibitory activity at high fat levels could be explained by its protective effect or by the dilution effect of EOs in the fat, decreasing the contact between EOs and pathogens [21] . Our results are in accordance with Smith-Palmer et al. [19] , who reported a higher inhibition of L. monocytogenes and S. enteritidis in low-fat soft cheese than in high-fat soft cheese. In addition, the increase of the microbial counts along the cheese ripening is also observed in the current study. The negative effect of fat was also reported by Cava et al. [22] , who observed a decrease in the antimicrobial activity of cinnamon and clove EOs against L. monocytogenes in whole milk compared to skimmed milk. Moreover, Singh et al. [23] observed similar results against L. monocytogenes in lowfat hotdog. The high inhibitory effect observed at the lowest fat level could be achievable by the high contact between EOs and foodborne pathogens after 4 h. However, the decrease in the antimicrobial effect along the study suggests a dispersion of the EOs on the lipid content of the food model media. It suggests that the decrease of the inhibitory effect is caused by a dilution effect. In the case of the EOs of garlic, the reduction of its antimicrobial properties could be associated with the degradation of sulfur compounds by the chemical reactions of lipid oxidation, as suggested by Druum et al. [24] . Protein level (Figure 2 ) did not influence (p>0.05) the antimicrobial effect of oregano and garlic EOs although lower microbial counts were observed at the higher level tested. Other studies showed a reduction of the antimicrobial effect of thyme and oregano EOs in the presence of beef extract [6] , as well as in the presence of minced fish [25] against L. monocytogenes. This suggests that the presence of high levels of protein could decrease the interaction between EOs and microorganisms due to the formation of a three-dimensional matrix of proteins that acts as a barrier [26, 27] or by their hydrophobic properties [28, 29] . Thus, the difficult distribution of the EOs in the food model media may explain the scarce antimicrobial effect. Protein level (Figure 2 ) did not influence (p > 0.05) the antimicrobial effect of oregano and garlic EOs although lower microbial counts were observed at the higher level tested. Other studies showed a reduction of the antimicrobial effect of thyme and oregano EOs in the presence of beef extract [6] , as well as in the presence of minced fish [25] against L. monocytogenes. This suggests that the presence of high levels of protein could decrease the interaction between EOs and microorganisms due to the formation of a three-dimensional matrix of proteins that acts as a barrier [26, 27] or by their hydrophobic properties [28, 29] . Thus, the difficult distribution of the EOs in the food model media may explain the scarce antimicrobial effect. Miranda-Novales [20] . The decrease in the inhibitory activity at high fat levels could be explained by its protective effect or by the dilution effect of EOs in the fat, decreasing the contact between EOs and pathogens [21] . Our results are in accordance with Smith-Palmer et al. [19] , who reported a higher inhibition of L. monocytogenes and S. enteritidis in low-fat soft cheese than in high-fat soft cheese. In addition, the increase of the microbial counts along the cheese ripening is also observed in the current study. The negative effect of fat was also reported by Cava et al. [22] , who observed a decrease in the antimicrobial activity of cinnamon and clove EOs against L. monocytogenes in whole milk compared to skimmed milk. Moreover, Singh et al. [23] observed similar results against L. monocytogenes in lowfat hotdog. The high inhibitory effect observed at the lowest fat level could be achievable by the high contact between EOs and foodborne pathogens after 4 h. However, the decrease in the antimicrobial effect along the study suggests a dispersion of the EOs on the lipid content of the food model media. It suggests that the decrease of the inhibitory effect is caused by a dilution effect. In the case of the EOs of garlic, the reduction of its antimicrobial properties could be associated with the degradation of sulfur compounds by the chemical reactions of lipid oxidation, as suggested by Druum et al. [24] . Protein level (Figure 2 ) did not influence (p>0.05) the antimicrobial effect of oregano and garlic EOs although lower microbial counts were observed at the higher level tested. Other studies showed a reduction of the antimicrobial effect of thyme and oregano EOs in the presence of beef extract [6] , as well as in the presence of minced fish [25] against L. monocytogenes. This suggests that the presence of high levels of protein could decrease the interaction between EOs and microorganisms due to the formation of a three-dimensional matrix of proteins that acts as a barrier [26, 27] or by their hydrophobic properties [28, 29] . Thus, the difficult distribution of the EOs in the food model media may explain the scarce antimicrobial effect. The antimicrobial effect of EOs against Salmonella spp. and L. monocytogenes was noticeable at the three levels of a w tested and lower than control samples (p < 0.001), although the results were similar in samples with EOs (p > 0.05).
The influence of a w (Figure 3 ) on the antimicrobial effect of EOs was slightly higher at reduced a w , particularly at 0.91. The a w range for growth of Salmonella spp. and L. monocytogenes is 0.94 to 0.99 and 0.92 to 0.99, respectively [29, 30] . Since L. monocytogenes is a Gram-positive bacteria, a higher susceptibility to the antimicrobial effect of Eos was expected due to the absence of the outer membrane that acts as a protective barrier. However, its capacity to adapt to osmotic stress [31] may explain the higher counts compared to Salmonella spp. at a w 0.91. The antimicrobial effect of EOs against Salmonella spp. and L. monocytogenes was noticeable at the three levels of aw tested and lower than control samples (p<0.001), although the results were similar in samples with EOs (p>0.05).
The influence of aw (Figure 3 ) on the antimicrobial effect of EOs was slightly higher at reduced aw, particularly at 0.91. The aw range for growth of Salmonella spp. and L. monocytogenes is 0.94 to 0.99 and 0.92 to 0.99, respectively [29, 30] . Since L. monocytogenes is a Gram-positive bacteria, a higher susceptibility to the antimicrobial effect of Eos was expected due to the absence of the outer membrane that acts as a protective barrier. However, its capacity to adapt to osmotic stress [31] may explain the higher counts compared to Salmonella spp. at aw 0.91.
(a) (b) The influence of pH (Figure 4 ) on the antimicrobial effect of EOs was similar as observed for aw. However, no statistical differences were observed among the three pH levels tested (p>0.05). Lower counts of Salmonella spp. and L. monocytogenes were observed at pH 4.5 in accordance with Gutierrez et al. [6] . These decreases could be associated with an increase in the hydrophobicity of EOs at low pH that facilitates the dissolution of the lipids presented in the outer membrane of foodborne pathogens [32, 33] . Regarding food additives, the inhibitory effect of EOs was observed in the presence and absence of sodium nitrite ( Figure 5 ) and sodium lactate ( Figure 6 ). This indicates that a decrease in the microbial counts could not be attributed to a synergic effect with these additives (p>0.05). Sodium nitrite is mainly used as a preservative, to control microbial development, especially Clostridium botulinum, although its addition enhances some characteristics of foodstuffs, such as the aroma and typical color of cured meat products, by the formation of nitrosylmyoglobin [34] . Although some works [35] suggested an antimicrobial effect of nitrites against Enterobacteriaceae in dry-cured chorizo, this effect should be carefully interpreted since other factors, such as the decrease in the pH The influence of pH (Figure 4 ) on the antimicrobial effect of EOs was similar as observed for a w . However, no statistical differences were observed among the three pH levels tested (p > 0.05). Lower counts of Salmonella spp. and L. monocytogenes were observed at pH 4.5 in accordance with Gutierrez et al. [6] . These decreases could be associated with an increase in the hydrophobicity of EOs at low pH that facilitates the dissolution of the lipids presented in the outer membrane of foodborne pathogens [32, 33] . The antimicrobial effect of EOs against Salmonella spp. and L. monocytogenes was noticeable at the three levels of aw tested and lower than control samples (p<0.001), although the results were similar in samples with EOs (p>0.05).
(a) (b) The influence of pH (Figure 4 ) on the antimicrobial effect of EOs was similar as observed for aw. However, no statistical differences were observed among the three pH levels tested (p>0.05). Lower counts of Salmonella spp. and L. monocytogenes were observed at pH 4.5 in accordance with Gutierrez et al. [6] . These decreases could be associated with an increase in the hydrophobicity of EOs at low pH that facilitates the dissolution of the lipids presented in the outer membrane of foodborne pathogens [32, 33] . Regarding food additives, the inhibitory effect of EOs was observed in the presence and absence of sodium nitrite ( Figure 5 ) and sodium lactate ( Figure 6 ). This indicates that a decrease in the microbial counts could not be attributed to a synergic effect with these additives (p>0.05). Sodium nitrite is mainly used as a preservative, to control microbial development, especially Clostridium botulinum, although its addition enhances some characteristics of foodstuffs, such as the aroma and typical color of cured meat products, by the formation of nitrosylmyoglobin [34] . Although some works [35] suggested an antimicrobial effect of nitrites against Enterobacteriaceae in dry-cured chorizo, this effect should be carefully interpreted since other factors, such as the decrease in the pH Regarding food additives, the inhibitory effect of EOs was observed in the presence and absence of sodium nitrite ( Figure 5 ) and sodium lactate ( Figure 6 ). This indicates that a decrease in the microbial counts could not be attributed to a synergic effect with these additives (p > 0.05). Sodium nitrite is mainly used as a preservative, to control microbial development, especially Clostridium botulinum, although its addition enhances some characteristics of foodstuffs, such as the aroma and typical color of cured meat products, by the formation of nitrosylmyoglobin [34] . Although some works [35] suggested an antimicrobial effect of nitrites against Enterobacteriaceae in dry-cured chorizo, this effect should be carefully interpreted since other factors, such as the decrease in the pH or a w values, with special relevance in this kind of product, may directly affect the survival of foodborne pathogens. Regarding sodium lactate, lower microbial counts were observed in the presence of EOs. However, the influence of other factors, namely pH (as previously indicated), could be responsible for the antimicrobial effect and not achievable with respect to the additive.
Regarding commercial phosphates (Figure 7) , the antimicrobial effect against Salmonella spp., L. monocytogenes and Escherichia coli in combination with heat treatment was reported by Dickson et al. [36] . Contrary to what was observed for sodium nitrite and sodium lactate, microbiological counts increased along the study period indicating a potential interaction between food phosphates and EOs, decreasing their availability to act against the foodborne pathogens tested. In addition, the potential role of food phosphates as fat and protein emulsifiers in the manufacturing of meat products could decrease the contact of EOs and microorganisms [1] . Thus, it might be hypothesized that a possible interaction between phosphates and the Mueller-Hinton composition (beef extract and casein) decreases the antimicrobial effect of the EOs by the phenomena previously described in the protein interaction. Regarding sodium lactate, lower microbial counts were observed in the presence of EOs. However, the influence of other factors, namely pH (as previously indicated), could be responsible for the antimicrobial effect and not achievable with respect to the additive.
Regarding commercial phosphates (Figure 7) , the antimicrobial effect against Salmonella spp., L. monocytogenes and Escherichia coli in combination with heat treatment was reported by Dickson et al. [36] . Contrary to what was observed for sodium nitrite and sodium lactate, microbiological counts increased along the study period indicating a potential interaction between food phosphates and EOs, decreasing their availability to act against the foodborne pathogens tested. In addition, the potential role of food phosphates as fat and protein emulsifiers in the manufacturing of meat products could decrease the contact of EOs and microorganisms [1] . Thus, it might be hypothesized that a possible interaction between phosphates and the Mueller-Hinton composition (beef extract and casein) decreases the antimicrobial effect of the EOs by the phenomena previously described in the protein interaction. 
Conclusions
The present work studied the influence of fat, protein, pH, aw and food additives (sodium nitrite, sodium lactate and food phosphates), individually evaluated, on the antimicrobial effect of oregano and garlic EOs against Salmonella spp. and L. monocytogenes. Although both EOs presented an important antibacterial effect against the foodborne pathogens tested, the results showed that the presence of fat acts as a barrier to its antimicrobial effect probably due to its dilution on the lipid content of the food model media. The level of protein, pH and aw did not influence the antimicrobial effect of EOs, although lower microbial counts were observed at the lowest protein level, aw and pH, respectively. Furthermore, the addition of sodium nitrite and sodium lactate did not influence the inhibitory effect of EOS.
The use of food phosphates could decrease the antimicrobial effect of EOs due to their emulsification properties. The in vitro study of the influence of food characteristic on the antimicrobial effect of EOs could be interesting to the food industry to address the behavior of EOs against specific foodborne pathogens prior their application in foodstuff. Since there is no protocol for evaluating the effect of food additives and essential oils in vitro, the present methodology could be used as an approach for food operators before the utilization of EOs in foodstuffs. 
The present work studied the influence of fat, protein, pH, a w and food additives (sodium nitrite, sodium lactate and food phosphates), individually evaluated, on the antimicrobial effect of oregano and garlic EOs against Salmonella spp. and L. monocytogenes. Although both EOs presented an important antibacterial effect against the foodborne pathogens tested, the results showed that the presence of fat acts as a barrier to its antimicrobial effect probably due to its dilution on the lipid content of the food model media. The level of protein, pH and a w did not influence the antimicrobial effect of EOs, although lower microbial counts were observed at the lowest protein level, a w and pH, respectively. Furthermore, the addition of sodium nitrite and sodium lactate did not influence the inhibitory effect of EOS.
The use of food phosphates could decrease the antimicrobial effect of EOs due to their emulsification properties. The in vitro study of the influence of food characteristic on the antimicrobial effect of EOs could be interesting to the food industry to address the behavior of EOs against specific foodborne pathogens prior their application in foodstuff. Since there is no protocol for evaluating the effect of food additives and essential oils in vitro, the present methodology could be used as an approach for food operators before the utilization of EOs in foodstuffs.
